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(57) ABSTRACT

Recently, there has been a growing emphasis on the impor-
tance of green industries for reducing energy consumption.
As part of the reduction in energy consumption, LED lamps
have been widely distributed and used, but conventional fluo-
rescent lamps made of glass tubes have not been actively
replaced with LED fluorescent lamps because the replace-
ment of conventional fluorescent lamps is too difficult, for
instance, in order to replace the conventional fluorescent
lamps with LED fluorescent lamps, a conventional fluores-
cent lamp stabilizer provided within the light of the fluores-
cent lamp has to be removed and an LED converter must be
installed again. The LED fluorescent lamp of the present
invention is driven by continually using an alternating current
power source outputted from a fluorescent lamp stabilizer,
and thus the installation of the LED fluorescent lamp can be
completed by replacing only a fluorescent lamp made of glass
tubes with the fluorescent lamp of'the present invention while
the conventional light of the fluorescent lamp including the
fluorescent lamp stabilizer is used. Furthermore, the LED
florescent lamp of the present invention provides the advan-
tage of allowing power consumption to be constant even
though an inputted alternating current voltage is considerably
increased up to AC 250-260V.

8 Claims, 2 Drawing Sheets




U.S. Patent

May 17, 2016 Sheet 1 of 2

US 9,345,078 B2

FIG. 1



U.S. Patent May 17, 2016 Sheet 2 of 2 US 9,345,078 B2
(1) A
B
— PA
2B
"""" 7 1 B2
<
Lo A A
‘,.....Nv\_a 4 g - ) - Irvv\ . i
b < ol D2='L 1
- a3 lp3 c1]~
H ;
CT -
Cril.ss el <’ -l swW 2 3 @9
e d_— s lof & E RL2 é\ |
LED 1
(2)
A B
—_— £
231 7
7 i B2
4 /
L . L1 27
@Al 5] 2 D1, . "~~~ U 1 R
b s b’ D2, ] ca_ PS1
D4, |
, T
C= R ;
o @
c2 2 g
71 A -
e s e ﬂt B |
o Al s« fol & 1T,
= 1% 3RY
fes -




US 9,345,078 B2

1
LED FLUORESCENT LAMP DRIVING
DEVICE DRIVEN BY BEING CONNECTED
TO LAMP STABILIZER AND LED
FLUORESCENT LAMP HAVING THE
DRIVING DEVICE INSTALLED THEREIN

FIELD OF THE INVENTION

The present invention relates to an LED fluorescent lamp
driving device and an LED fluorescent lamp having the driv-
ing device installed therein, and more particularly to an LED
lamp driving device and an LED fluorescent lamp having the
driving device installed therein, which allow a conventional
fluorescent lamp to be removed from a conventional fluores-
cent lamp luminaire having a fluorescent lamp ballast
installed therein and replaced with a high-efficiency LED
fluorescent lamp.

BACKGROUND

Recently, various types of lighting luminaires including
fluorescent lamps are being replaced with LED lamps having
similar appearances, commonly usable sockets, and high effi-
ciency. However, LED fluorescent lamps have not become
widespread because conventional fluorescent lamp ballasts
are installed in existing conventional fluorescent lamp lumi-
naires and they should be inconveniently replaced with LED
converters in order to use general LED fluorescent lamps.
Therefore, there has been a demand for LED lamps in the
shape of fluorescent lamps (i.e., LED fluorescent lamps),
which may be installed and used in conventional fluorescent
lamp luminaires, replacing conventional glass tube fluores-
cent lamps therein.

SUMMARY OF THE INVENTION

One object of the present invention is to provide an LED
fluorescent lamp driving device and an LED fluorescent lamp
having the driving device installed therein, which allow a
conventional glass-tube type fluorescent lamp to be only
removed from a conventional fluorescent lamp luminaire and
an LED fluorescent lamp to be installed and used in place
thereof. When a conventional glass-tube type fluorescent
lamp is connected to an electronic fluorescent lamp ballast
installed in a conventional fluorescent lamp luminaire, a reso-
nant type oscillator of about 45 kHz is driven in the fluores-
cent lamp ballast so that an alternating current of about 45
kHz flows in the glass-tube type fluorescent lamp and elec-
trons collide with fluorescent materials painted inside the
tube to emit light. The electronic ballast and the glass-tube
type fluorescent lamp constitute a resonant circuit such that it
may resonate at about 45 kHz, which may vary somewhat
depending on the fluorescent lamp ballast, to maximize effi-
ciency thereof. Further, when an alternate current (AC) input
voltage of the electronic fluorescent lamp ballast is increased,
an output voltage thereof is also increased in the same pro-
portion and thus the output thereof cannot be used for the
LED fluorescent lamp without taking a special measure. That
is, if the output of the electronic fluorescent lamp ballast is to
be used for the LED fluorescent lamp, the following condi-
tions should be met:

1. The resonant frequency should not be greatly changed.

2. The power factor of an input power source of the ballast
should not be decreased.

3. The power consumption of the LED fluorescent lamp
should not be increased even if the AC input voltage is
increased.
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4. Luminous efficiency should be significantly improved.

5. The input power should be lowered as much as the
luminous efficiency of Condition 4 is improved to achieve
energy saving.

If the above five conditions are satisfied, LED fluorescent
lamps are expected to become widespread because they will
be easily substituted without any wiring work on existing
ballasts.

The present invention provides an LED fluorescent lamp
driving device and an LED fluorescent lamp having the driv-
ing device installed therein, wherein the LED driving device
may receive an output of an electronic fluorescent lamp bal-
last to drive the LED fluorescent lamp without reducing the
efficiency and power factor of the ballast; the power con-
sumption of the LED fluorescent lamp may not be increased
even if an AC input voltage of the ballast is significantly
increased; and an input power of the fluorescent lamp ballast
may be reduced as much as the luminous efficiency of the
LED fluorescent lamp is improved.

When employing an LED fluorescent lamp driving device
or an LED fluorescent lamp according to the invention,
energy can be saved by about 35% or more while still using
existing electronic fluorescent lamp ballasts and luminaires,
thereby significantly contributing to the spread of LED fluo-
rescent lamps and energy saving. Further, with respect to the
electronic fluorescent lamp ballasts, supply power consump-
tion may be reduced without changing the frequency or the
like thereof, thereby reducing the amount of noise as much
and extending the lifespan of the ballasts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the interconnection and operation rela-
tionship between an electronic fluorescent lamp ballast and a
glass-tube type fluorescent lamp.

FIG. 2 illustrates circuit block diagrams showing one
embodiment of the invention, wherein (1) of FIG. 2 is a circuit
diagram of an LED fluorescent lamp according to one
embodiment of the invention, which is driven by being con-
nected to an electronic fluorescent lamp ballast, and (2) of
FIG. 2 is a circuit diagram of an LED fluorescent lamp
according to one embodiment ofthe invention, which is appli-
cable to a variety of fluorescent lamp ballasts.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The principle of operating an LED fluorescent lamp driv-
ing device and an LED fluorescent lamp having the driving
device installed therein to achieve the above-described object
will be described in detail in conjunction with the accompa-
nying drawings. FIG. 1 illustrates the wiring relationship
between an electronic fluorescent lamp ballast and a glass-
tube type fluorescent lamp. Between terminals a' and b' con-
nected to terminals a and b of the electronic fluorescent lamp
ballast, a filament having a resistance of about 1-2Q is con-
nected within the glass-tube type fluorescent lamp. Likewise,
between terminals ¢' and d' connected to terminals ¢ and d of
the fluorescent lamp ballast, a filament having the same resis-
tance as the one connected between the terminals a' and b' is
also arranged within the fluorescent lamp. This is because the
filaments should be heated so that electrons may be emitted,
in case of the glass-tube type fluorescent lamp. As for the
glass-tube type fluorescent lamp, electric currents flow
repeatedly along the following paths in FIG. 1:
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L a a b c o d'
and
Glass Tube
d
L a a' b’ c ¢! d’
L Glass Tube AJ
d

Therefore, the glass tube of the fluorescent lamp may be
considered as a kind of a capacitor component. In the LED
fluorescent lamp according to the invention, the filament
between the terminals a' and b' is removed and a bridge
rectification circuitblock 1 is added as shown in (1) of FIG. 2,
so that a direct current (DC) power obtained therefrom may
enable an LED matrix array B2 to emit light. The bridge
rectification circuit block 1 is comprised of four diodes D1 to
D4 and one capacitor C1. Further, the terminals ¢' and d'in (1)
of FIG. 2 is short-circuited. According to the above configu-
ration, the oscillation frequency of the electronic ballast is
considerably increased because there is no capacitive load in
the glass-tube type fluorescent lamp. Therefore, it is prefer-
able to arrange a coil L1 for ballasting the frequency and
output voltage. Further, there may be provided a plurality of
coils and some of them may be short-circuited so that the
output voltage of the bridge rectification may be variable.
Although a remarkable high-efficiency LED fluorescent lamp
may be achieved according to the above configuration, a
current limit circuit should be further provided. This is
because when an AC input voltage supplied to the fluorescent
lamp ballast is increased above a rated voltage, a current
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current limit circuit block 3. The switching-type current limit
circuit block is arranged to be connected in series with the
LED matrix array B2. In FIG. 2, LEDs arranged in the LED
driving device are intended to display the operating state of
the switching-type current limit circuit when the circuit is
operated. By configuring the switching-type current limit
circuit as above, the current is limited even when some of the
plurality of LEDs connected in series in the LED matrix array
B2 are short-circuited, so that the power consumption may be
reduced and the lifespan of the remaining LEDs may be
unaffected. Further, the current is limited even when the volt-
age of an AC power inputted to the ballast is considerably
increased, so that the reliability of the LED fluorescent lamp
may remain totally unaffected, and rather the power-saving
effect may be enhanced. The above operating principle relates
to the case where the LED fluorescent lamp according to the
invention is applied to the electronic fluorescent lamp ballast
in which a capacitor C for frequency stability and resonance
is installed, as shown in (1) of FIG. 2. The paths of a load
current in the above case will be discussed below. When an
AC power from the fluorescent lamp ballast is outputted from
the terminal a and fed back to the terminal d, the load current
flows along the following path in the first half-period:

a a' D1 L1 C1 D3 b’ b C c ¢
d d’
45
and flows along the following path in the next half-period:
a a' D4 C1 L1 D2 b’ b C c ¢
d d’
-flowing through the LED fluorescent lamp rises exponen- Meanwhile, when the terminals a and b of the fluorescent
tially in case of the LED fluorescent lamp, so that the LED 55 lamp ballastis connected to the terminals ¢' and d' of the LED

matrix array is eventually destroyed. According to the
embodiment in FIG. 2, the LED fluorescent lamp driving
device comprises the bridge rectification circuit block 1, a
drive power source circuit block 2, and a switching-type

fluorescent lamp, and the terminals ¢ and d of the fluorescent
lamp ballast is connected to the terminals a' and b' of the LED
fluorescent lamp in a crossed manner, the load current flows
along the following path in the first half-period:

L1 D3

C1
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and flows along the following path in the next half-period:
a ¢! d’ b C c a' D4 Cl L1 D2
d b’

A current flowing through the LED matrix array B2 is not
shown in the above current paths because it is known that the
current is supplied by discharging the energy charged in the
capacitor C1. The flow of the current may be represented as
follows:

.2

L1 C1 D3 >
Z B2 4—)
D4 C1 L1

As can be seen from the above, the embodiment in (1) of
FIG. 2 is characterized in that the terminals a' and b' and
terminals ¢' and d' of the LED fluorescent lamp are electri-
cally separated from each other. This configuration is
intended to prevent electric shock when replacing the LED
fluorescent lamp, even if contact is made with a cap terminal
at one side while a cap at another side is inserted into the
luminaire.

However, the properties of the LED fluorescent lamp con-
figured as shown in (1) of FIG. 2 are greatly varied depending
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on the capacity of the coil I and resonant capacitor C
arranged in the fluorescent lamp ballast. Thus, it is difficult to
stably drive the LED fluorescent lamp in correspondence to
various types of fluorescent lamp ballasts. Therefore, it is
preferable that the LED fluorescent lamp is further provided
with a capacitor C2, which overrides the resonant capacitor C
arranged in the fluorescent lamp ballast and serves the func-
tion thereof. One embodiment thereof is illustrated in (2) of
FIG. 2. In the LED fluorescent lamp in (2) of FIG. 2, the
terminals ¢' and d' are electrically short-circuited and then the
bridge rectification circuit block 1 is arranged between the
terminals a' and b'. The electrically short-circuited terminal ¢'
(or d") is connected to a positive (+) output terminal of the
bridge rectification circuit block 1 via a forward diode D5,
and to a negative (=) output terminal of the bridge rectification
circuit block 1 via another diode D6 in the opposite direction.
Then an auxiliary resonant capacitor C2 is arranged at both
ends of the forward diode D5 so that the LED matrix array B2,
which is configured with serial and parallel connections, is
directly driven with a DC output power of the bridge rectifi-
cation circuit block 1 without using an inverter. The paths of
a load current in the above case will be discussed below.
When an AC power from the fluorescent lamp ballast is out-
putted from the terminal a and fed back to the terminal d, the
load current flows along the following path in the first half-
period:

RY

C3 d’ d

L1 L2

C1

D6

.

C3

and flows along the following path in the next half-period:

RY D5 C1
L> C2 J

55

D4 a' a.

Accordingly, the current does not flow through the reso-
nant capacitor C installed in the fluorescent lamp ballast.

Meanwhile, when an AC power from the fluorescent lamp
ballast is outputted from the terminal b and fed back to the
terminal ¢, the load current flows along the following path in
the first half-period:

RY C3 ¢ c

D2 L1 L2

C1

D6

I
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and flows along the following path in the next half-period:

Also in this case, the current does not flow through the
resonant capacitor C installed in the fluorescent lamp ballast.
Because the terminals ¢' and d' are electrically short-circuited,
the operating principle of the case where the output power
from the fluorescent lamp ballast is outputted from the termi-
nal a and fed back to the terminal c is the same as that of the
case where it is outputted from the terminal a and fed back to
the terminal d, and the operating principle of the case where
the output power from the fluorescent lamp ballast is output-
ted from the terminal b and fed back to the terminal d is the
same as that ofthe case where it is outputted from the terminal
b and fed back to the terminal c. In (2) of FIG. 2, a polyswitch

RY D5
L» C2 J

C1 D3 b’ b.

10 preventing electric shock is removed. If there is no need to

reject low frequencies and no protection against electric
shock is particularly required, both ends of the capacitor C3
for rejecting low frequencies and those of the contacts of the
relay RY are electrically short-circuited. According to the

15 embodiment in (2) of FIG. 2, it can be seen that the relay RY
and capacitor C3 may be removed by employing a jumper
lead J.

The paths of a load current in the above case will be
discussed below. The load current flows along the following
path in the first half-period:

20

a —» a —» D] —> L1 L2 Cl D6 J d' d

I

and flows along the following path in the next half-period:

PS1 is arranged to be connected in series with the LED matrix
array B2 in order to block an overcurrent that may flow
through the LED lamp. It is more preferable that the switch-
ing-type current limit circuit block 3 connected in series with
the LED matrix array B2 may also simultaneously block the
current through the LED matrix when overcurrent flow is
detected.

As can be seen from the above, the LED fluorescent lamp
may be stably driven with various types of fluorescent lamp
ballasts when the fifth diode D5, sixth diode D6 and auxiliary
resonant capacitor C2 are arranged in the LED fluorescent
lamp driving device as shown in (2) of FIG. 2. Further, a
capacitor C3 for rejecting low frequencies is connected in a
current path to the electrically short-circuited terminals ¢' and
d', so that the LED fluorescent lamp driving device according
to the invention may not be operated with a magnetic ballast
driven at low frequencies. Furthermore, a relay RY for pre-
venting electric shock is arranged so that the danger of elec-
tric shock may be eliminated when replacing the LED fluo-
rescent lamp, even if contact is made with a cap terminal at
one side while a cap at another side is inserted into the lumi-
naire. This is because a current for driving the relay RY will be
generated to close the contacts of the relay when the cap at the
one side is also inserted into the fluorescent lamp luminaire.
The capacitor C3 for rejecting low frequencies also serves as
a protection against electric shock. If the capacitor C3 for
rejecting low frequencies is employed and no additional pro-
tection against electric shock is necessary, the relay RY for

D5 C1 D4 a' a.
L» C2 J

40 What is claimed is:

1. An LED fluorescent lamp, wherein the lamp is in the
shape of a fluorescent lamp comprising four terminals, each
two of which are exposed outwardly on a cap;

a power supplied to two terminals a' and b' on one cap

45 among the four terminals is bridge-rectified by a bridge
rectification circuit block 1, and two terminals ¢' and d'
on the other cap are directly short-circuited, so that the
terminals on the different caps are electrically separated
from each other; and

50 an LED matrix array B2 configured with serial and parallel
connections is driven with a direct current (DC) output
power that is bridge-rectified by the bridge rectification
circuit block 1,

wherein a forward diode D5 is connected from the two

55 short-circuited terminals ¢' and d' to a positive (+) ter-
minal of the DC output power bridge-rectified by the
bridge rectification circuit block 1, a backward diode D6
is connected from the two short-circuited terminals c'
and d' to a negative (-) terminal of the bridge-rectified

60 DC output power, and an auxiliary resonant capacitor C2
is connected at both ends of the forward diode D5.

2. The LED fluorescent lamp as claimed in claim 1, further
comprising a polyswitch PS1 for blocking an overcurrent, the
polyswitch PS1 being connected to an LED fluorescent lamp

65 driving device B1 in series with the LED matrix array B2.

3. An LED fluorescent lamp driving device for driving an

LED fluorescent lamp, wherein the lamp is in the shape of a
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fluorescent lamp comprising four terminals, each two of
which are exposed outwardly on a cap;

a power supplied to two terminals a' and b' on one cap
among the four terminals is bridge-rectified by a bridge
rectification circuit block 1, and two terminals ¢' and d'
on the other cap are directly short-circuited, so that the
terminals on the different caps are electrically separated
from each other; and

an LED matrix array B2 configured with serial and parallel
connections is driven with a direct current (DC) output
power that is bridge-rectified by the bridge rectification
circuit block 1,

wherein a forward diode D5 is connected from the two
short-circuited terminals ¢' and d' to a positive (+) ter-
minal of the DC output power bridge-rectified by the
bridge rectification circuit block 1, a backward diode D6
is connected from the two short-circuited terminals c'
and d' to a negative (=) terminal of the bridge-rectified
DC output power, and an auxiliary resonant capacitor C2
is connected at both ends of the forward diode D5.

4. The LED fluorescent lamp driving device as claimed in
claim 3, wherein a capacitor C3 for rejecting low frequencies
is further included in a current path to the two short-circuited
terminals ¢' and d'.

10

5. The LED fluorescent lamp driving device as claimed in
claim 4, wherein a relay RY for preventing electric shock is
further included in the current path to the two short-circuited
terminals ¢' and d'.

6. The LED fluorescent lamp driving device as claimed in
claim 5, wherein a switching-type current limit circuit block
is connected in series with the LED matrix array configured
with serial and parallel connections to drive the LED matrix
array.

7. The LED fluorescent lamp driving device as claimed in
claim 6, further comprising a polyswitch PS1 for blocking an
overcurrent, the polyswitch PS1 being connected to the LED
fluorescent lamp driving device B1 in series with the LED
matrix array B2.

8. The LED fluorescent lamp as claimed in claim 3, further
comprising a polyswitch PS1 for blocking an overcurrent, the
polyswitch PS1 being connected to an LED fluorescent lamp
driving device B1 in series with the LED matrix array B2.

#* #* #* #* #*



